ClpA and ClpX ATPases bind simultaneously to opposite ends of ClpP peptidase to form active hybrid complexes.
The Escherichia coli ATP-dependent ClpAP and ClpXP proteases are composed of a single proteolytic component, ClpP, complexed with either of the two related chaperones, ClpA or ClpX. ClpXP and ClpAP complexes interact with different specific substrates and catalyze ATP-dependent protein unfolding and degradation. In vitro in the presence of ATP or ATPgammaS, ClpA and ClpX form homomeric rings of six subunits, which bind to one or both ends of the double heptameric rings of ClpP. We have observed that, when equimolar amounts of ClpA and ClpX hexamers are added to ClpP in vitro in the presence of ATP or ATPgammaS, hybrid complexes in which ClpX and ClpA are bound to opposite ends of the same ClpP are readily formed. The distribution of homomeric and heteromeric complexes was consistent with random binding of ClpA and ClpX to the ends of ClpP. Direct demonstration of the functionality of the heteromeric complexes was obtained by electron microscopy, which allowed us to visualize substrate translocation into proteolytically inactive ClpP chambers. Starting with hybrid complexes to which protein substrates specific to ClpX or ClpA were bound, translocation of both types of substrates was shown to occur without significant redistribution of ClpA or ClpX. The stoichiometric ratios of the ClpA, ClpX, and ClpP oligomeric complexes in vivo are consistent with the predominance of heteromeric complexes in growing cells. Thus, ClpXAP is a bifunctional protease whose two ends can independently target different classes of substrates.